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Abstract—The key nodes in network play the critical role
in system recovery and survival. Many traditional key nodes
selection algorithms utilize the characters of the physical
topology to find the key nodes. But they can hardly succeed
in the mobile ad hoc network due to the mobility nature of
the network. In this paper we propose a social-aware Kcore
selection algorithm to work in the Pocket Switched Network.
The social view of the network suggests the social position of
the mobile nodes can help to find the key nodes in the Pocket
Switched Network. The S-Kcore selection algorithm is designed
to exploit the nodes’ social features to improve the performance
in data communication.
Experiments use the NS2 shows S-Kcore selection algorithm
workable in the Pocket Switched Network. Furthermore, with
the social behavior information, those key nodes are more
suitable to represent and improve the whole network’s per-
formance.
Keywords-mobile social network; kcore algorithm; system
recovery;
I. INTRODUCTION
A centralized network is dominated by one or a few very
central nodes. If these nodes are removed or damaged, the
network quickly fragments into unconnected sub-networks.
For example the key players (or nodes) in a terrorist network
play the important role in implementing terrorism attack.
Identifying those key players in the terrorist network can
help to prevent terrorist attack and destroy the terrorist
network completely. Also the key nodes play critical role
in system recovery. For example an army commander who
plans, coordinate, and directs the execution in a battle field
should be given highest priority to restore his functions.
The above networks can be modeled as the generalized
graph networks consisting of nodes and links. Nodes are
mobile devices, such as mobile phones, ipad, laptop, at-
tached to people with attributes allowing relevant informa-
tion to be stored. Links are communications (also can be
translated as relationship) between nodes which are within
the transmission range. This network has two natures: it is
both a physical network and at the same time it is also a
social network. This kind of network belongs to the Pocket
Switched Network [1], also known as the opportunistic
mobile ad hoc network [2]. A node in the network is a
mobile device, and is also associated with a mobile human.
The mobile devices form a Pocket Switched Network and
actually the human’s social behaviors determine and impact
on the data communications.
However, traditional key node selection algorithms [3]
only focus on the physical connections and do not consider
the social status of the mobile nodes. This consideration
results in poor performance in the pocket switched network
due to the two drawbacks. First, the physical connections in
the Pocket Switched Network are not reliable due to the
mobility nature of the network. Thus the node degree k
related to the physical connection is less trusted compared
to the static network, such as wired network. Second, some
nodes in the network have fewer links but they are important
because they are being carried by important persons.
To address these limitations, in this paper we propose the
social-aware Kcore key nodes selection algorithm, S-Kcore,
which modified the well-known Kcore algorithm [3] with
the social status and the network mobility considerations.
We have implemented and conduct a simulation-based
evaluation using ns2 [4] simulator and evaluate the S-Kcore
performance in three scenarios, static, slow movement and
fast movement.
Our primary contribution is to demonstrate the effective-
ness of S-Kcore selection algorithm for selecting the key
nodes in the Pocket Switched Network. To sum up, this
paper makes the following contributions:
1) S-Kcore introduced a new identification system which
identifies a mobile node by using it’s positions in
physical topology and in a social network. That helps
to locate a mobile node from different points of view.
2) S-Kcore introduced a new concept, social position,
which is used to allocate the weight factors to the
k-degree computation.
3) We have conducted simulations to evaluate the per-
formance of S-Kcore selection algorithm in three
scenarios, static, slow movement and fast movement.
The rest of the paper are organized as follows. Section II
reviews existing popular key nodes selection algorithms
for network. Section III describes the M-Kcore Model and
components in details. Section IV presents the evaluation
of M-Kcore performance in simulation. Finally, Section V
summaries the paper and suggests some future work.
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Figure 1: The middle node is the key node
II. RELATED WORK
S-Kcore decomposition scheme is a key nodes selection
algorithm for the pocket switched network which is moti-
vated by the research from the small world theory [5] and the
Kcore algorithm [3]. In this section, we will review some
related works from the small-world theory and the kcore
selection algorithm respectively.
A. Small world theory
The small-world theory [5] discovered that in human
society almost any pair of people in the world can be
connected to one another by a short chain of intermediate
acquaintances, of typical length about six. This phenomenon
also is referred to as the “six degrees of separation”. In the
experiment, Milgram took a number of letters addressed to
a stockbroker in Boston and distributed them to a random
selection of people in Nebraska and Kansas. His instructions
were that the letters were to be sent to the stockbroker by
passing them from person to person and, in addition, could
be sent only to someone whom the current holder knew on
a first-name basis. Milgrams’ experiment ended with only
25% of missives reaching the final destinations.
More recently, it has been shown in [6] that this phe-
nomenon is pervasive in many networks including the
pocket switched network. S-Kcore borrows the idea from
the small-world theory which utilized “social acquaintance”
and “social position” to select the key nodes . The “social
acquaintance” and “social position” concepts have been
exploited in the S-Kcore as a weight factor to compute the
k-degree.
B. Key node selection and the Kcore decomposition algo-
rithm
The key nodes are the nodes in the graph network [7]
which are more “central” than others. For example in the
Figure 1 the middle node has three advantages over other
nodes to be selected as the key node: it has more links, it
can reach all the others more quickly, and it controls the
flow between the others.
Figure 2: A geographic topology: geographic view
The popular key node selection algorithm is the Kcore
decomposition algorithm [3]. The idea of the Kcore algo-
rithm is to select the key nodes by recursively removing all
vertices with a degree less than k, where the k is defined
as the number of links, until all vertices in the remaining
graph have a degree at least k. The purpose of the Kcore
decomposition algorithm is to identify particular subsets of
the networks. Researchers in the past mainly paid attention
to the degree distribution to explore structure features. For
example, in [8], the author used degree distributions and cor-
relations among degrees to analyze the topology, complexity,
and evolution of complex networks. But the degree in the
Pocket Switched Network could be unreliable and untrusted
due to the mobility nature of the network.
S-Kcore key nodes selection algorithm considered both
mobility nature of the network and the node’s social po-
sition in the network, and modified the traditional Kcore
decomposition algorithm for the key nodes selection.
III. THE S-KCORE KEY NODES SELECTION ALGORITHM
In this section we will describe the S-Kcore key nodes
selection scheme, which includes the Multi-view modeling
of the network, identification system and weighted function,
and the key nodes selection algorithm. The goal of the S-
Kcore selection is to take advantage of multiple views to
select the key nodes in the pocket switched network.
Briefly, the S-Kcore key nodes selection scheme can be
described as follows: the network will be re-modeled in
each dimension in which a random coordinate is assigned to
the dimension. A mobile node is assigned an identification,
which is a vector formed by its positions in different
dimensions. The k-degree of the nodes is computed by
weighing the number of physical links. The weighing factor
is determined by the social position of the mobile node and
the mobility status of the network. The key node selection
algorithm takes the k-degree consideration in removing the
non-key nodes from the graph network.
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Figure 3: A occupation topology : occupation view
We will first start by clarifying some definitions, that will
be frequently used throughout this paper.
A. Definitions and Assumptions
Node Identification: In S-Kcore model, a mobile node is
identified by a vector which contains its positions in different
dimensions.
Social Position: The social position of a mobile node is
defined as the level of the node in its social network.
Hello Message: The Hello messages are used to collect
the local information, such as physical neighbors and social
neighbors. Such information could be used to obtain number
of links, mobility status of network, and the social position.
In S-Kcore, we assume that each node knows its own
identification, i.e. the position at different dimensions, such
as the physical topology and the social network. The grid
topology is used to locate physical location in the physical
network because of its simplicity. The hierarchical tree
topology is used to describe the node’s position in the social
network.
B. S-Kcore: Multi-view Modeling
The graph network model, G(V,E), is used to define the
pocket switched network, where V is the set of vertices
representing the mobile nodes and E is the set of links rep-
resenting the communication among the neighboring nodes.
Naturally a network can be viewed in the geographic
dimension. For example in Figure 2 a mobile node can com-
municate with a node which is in its neighboring squares.
The number of links can be obtained by the replies of the
Hello message from the neighboring nodes.
The network can also be viewed from another dimen-
sion, social network view. For example, Figure 3 shows
the network structure from occupation point of view. The
mobile nodes (or people) are grouped into four clusters: the
Department of Computer Science (CS), Physics, Business
and Law. The Departments of CS and Physics are linked by
the Faculty of Science. And the Departments of Business and
Law are linked by the Faculty of social science. Then these
two faculties are linked by the University. The location of a
mobile node in the social network determines the weight of
the node. For example, the Vice-Chancellor at the University
level has more power or more weight in the social network
structure.
In S-Kcore, the socializing network structure, H , is built
on the top of the geographic topology. The nodes can
also be grouped into different clusters according to their
social characters, such as occupation, kinship relationship,
interests, etc. Thus a network can be modeled from different
dimensions, which is the foundation of S-Kcore idea.
C. Node Identification System and Weighted Function
In S-Kcore, we generalize the node identification as an
H-dimensional coordinate vector, v(n) with the h-tuple:
v(n) =< D1 : v1, D2 : v2, ..., Dh : vh > (1)
where vi is the position of node n in the ith dimension.
The coordinate in each dimension can be randomly assigned
in the H dimensions, and the position of a node in the
dimension is assigned as the distance to the coordinate. For
example, if we define the first dimension is the geographic
dimension, such as in Figure 1, then we randomly choose a
node B as the coordinate, the v1 of the node A’s geographic
position is the physical distance between the node A and
the node B which can be computed by using the Euclidean
distance in Cartesian space or Manhannton distance.
For other dimensions such as in social network, nodes
hierarchically cluster the tree structure. For example, if we
define the second dimension is the academic organization
structure as in the Figure 3, individual nodes belong to
groups which in turn belong to groups of groups and so
on, giving rise to a hierarchical structure. We follow the
definition from Watts et al in [9]. The nodes on the bottom
level are considered to have a position as 1. The nodes on
the second level, such as the Faculty level in Figure 3, have
the positions as 2.
D. The Kcore decomposition
The Kcore decomposition algorithm was proposed in
2006 [3]. We adopt the popular definition of Kcores from
the reference [10].
Definition 1. Kcore. Considering a graph A = (V, L) of
|V | = n vertices and |L| = l edges, a sub graph H =
(C,L|C) induced by the set C ⊆ V is a Kcore or a core of
order k iff v ∈ C degreeh(v) ≥ k, and H is the maximum
sub-graph with this property.
A Kcore of a graph can be obtained by recursively
removing all vertices with a degree less than k, until all
vertices in the remaining graph have a degree at least k.
Definition 2. Coreness. A vertex i has coreness k if it
belongs to the Kcore but is removed in the (k + 1) Kcore.
Every vertex of a connected graph belongs to the 1-core,
so coreness=1. It is the minimum coreness of a vertex. All
vertices of degree d ≤ 2 are recursively cut out from 1-core
to 2-core, and the maximum vertex coreness is such that the
Kmax-core is not empty, but the (Kmax + 1-core) is, and
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is named the graph coreness. The vertex coreness denotes
how “deep in the core” the vertex is [8].
E. S-Kcore decomposition
We introduce the social position and network mobility
status concepts into the “S-Kcore” decomposition algorithm.
Definition 3. Social position. A vertex i has a social position
value k if it locates on the level k in the hierarchical social
network.
Definition 4. Network mobility status. It is categorized into
the three stages, static, slow movement, and fast movement
through this paper. A network mobility status is determined
by its moving variation during a time period ΔT .
We define a network mobility status m as in the following
equation:
m =
⎧⎨
⎩
Mstatic, if 2R/V ≥ α, static
Mslow, if β ≤ 2R/V < α, slow
Mfast, if 2R/V ≤ β, fast
(2)
and
V =
|vi(t)− vi(t−ΔT )|
ΔT
, ∀i ∈ V (3)
where, vi(t) is the movement speed of the mobile node
i at the moment t. The β are boundary control variables
that α > β ≥ 0. In the evaluation, where R is about 20
meters, we set α=15 and β=5. The ΔT period was set as 1
second. The Mstatic, Mslow, and Mfast are assigned as the
constants, 1, 10, and 100 respectively in our evaluation.
We define the weight factor wi for node i by considering
the both social position in the social network and the
mobility status:
wi =
10si
m
∗ ω (4)
where the si is the social position of node i in social network
and the m is the mobility status of the network obtained from
the Equation 2. The ω is the control factor which was set
as 5 in our evaluation. In Equation 4, it indicates when the
network is in the relative stable states (e.g., static or slow
movement), then the higher weight (MstaticorMslow) is to
be given in computing the weight factor. When a node is at
a higher social status in the social network, then the higher
weight (10si) is to be given in computing the weight factor.
For example, in the Figure 2 a vice-chancellor of University
is at the top level in the social network. Thus the mobile
node associated with the vice-chancellor of the University
has the higher weight than others in computing the weight
factor even it may have less number of links in the physical
topology.
The K-degree of a mobile node is defined as the weight
function of the number of neighbors:
Ki = [wi ∗ ni] (5)
where ni is the number of links of the mobile node i
and wi is the weight factor obtained from the Equation 4.
The above equation defines the K-degree value is a rounded
integer as a weighted function of the number of links. The
weighted factor is determined by the network mobility status
and the node’s social position in its social network.
F. Local Information
In S-Kcore, the nodes optimize the resources utilization
bias to local information in different dimensions. S-Kcore
uses Hello Message to collect local information in different
dimensions and just stores local information in their mem-
ory.
The generalized local information at mobile node n is
defined as the following:
m(n) =< D1 : m1, D2 : m2, ..., Dh : mh > (6)
where mi is the local information in dimension i. For
example, in geographic dimension, the local information,
mi, includes all physical neighbors within one-hop, which
are neighboring squares around the node in Figure 1. In
social dimensions, the local information mi includes all the
nodes in their group in which some nodes may be far away
more than one-hop in geographic topology.
In our experiments, the nodes just exchange their routing
information with their local neighbors in dimensions with
high frequency. The shorter distance, the more Hello mes-
sages are generated. This approach simulates to the social
phenomenon that the social nodes are likely and willing to
maintain the up-to-date information about the nodes which
share the similar social interests.
Each Hello Message contains the local information of the
source node and a sequence number, which is used for the
receiver to identify the duplicated Hello Messages.
G. S-Kcore algorithm
The idea of S-Kcore algorithm is based on the Kcore
decompostion algorithm [3] which removes all vertices with
a degree less than k. We modified the Kcore decomposition
algorithm by introducing a new k-degree computation. The
k-degree is re-defined as the weighted function of the
number of links which considers the network mobility status
and the node social position in its social network.
The main loop is composed by the following components.
First, the Equation 5 is applied to calculate a node k −
degree. At the following step, the node is marked with k-
degree indicates the node has been marked. The boolean
checking is set to true if the k-degree is less than the input
k value, then the node is to be removed, otherwise checking
another node. Recursively all nodes will be checked with the
k-dgree value and the only left nodes satisfy the K-degree
requirement.
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Algorithm 1 S-Kcore decomposition algorithm
input: K value
N(s) is empty with marking k-degree
while ∀i ∈ N(s) is not marked k − degree do
select node ni in N(s)
calculate k-degree using Equation 5
mark the node ni with the k-degree
if k-degree < K then
remove the node ni
else
select another node
end if
end while
IV. SIMULATIONS
In this section, we use a popular research simulator [4] to
prove our idea is reasonable and workable. The simulation
experiments run on ns-2 simulator [4], using the wireless
extensions developed by the CMU [11]. This simulation
environment offers high fidelity, as it includes full simulation
of the IEEE 802.11 physical and MAC layers. Moreover, by
using the same simulation environment and testing code, we
ensure our results are comparable.
A. Simulation Metrics
We design two experiments in each three different scenar-
ios, namely as static, slow movement and fast movement.
The first experiment is to simulate the S-Kcore idea without
considering the social behaviors and the second experiment
takes the social behaviors as an important consideration.
In order to simulate and calculate the social behaviors,
we give different weights to different nodes matching their
positions in the social network and randomly select some
node to receive the messages in these two experiments. For
example, the node 16 in Table I has the highest weight
value 10 because it associates with the vice-chancellor of
a University in the social network. Thus a message sent
from the node 16 is more important than others which is
translated as the weight value 10 as well. On the contrary,
the node 1 in Table I which is a normal node has a social
weight value as 1 which means a message sent from node
1 is valued as 1 in weight. The total message weights a
node receives indicate the value of the total messages. The
higher total message weights, the better system performance
is achieved.
B. Simulation Topology Set Up
The static topology is designed as follows. We randomly
deploy 40 nodes in a 100x100 area with the communication
range of each node is set up as 20 meters. Every node stay
at its initial position until this simulation finish. During this
simulation, we give different node a different social weight,
as shown in Table I and we select six nodes to collect their
Table I: Social Weight Values
Node Identifier Social Weight
Node 16 10
Node 3, 31 5
Node 5, 13, 29, 33 3
Rest of Nodes 1
1,2,4,6,7,8,9,10,11
12,14,15,17,18,19
20,21,22,23,24,25
26,27,28,30,32,34
35,3637,38,39,40
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Figure 4: Simulation Result in a Static Topology
message value. These six nodes are Node 6, 9, 18, 23, 30
and 36. The source and destination are randomly selected
and use Constant Bit Rate (CBR) as application layer traffic.
The slow movement is deployed in a 100x100 grid area
with 40 nodes and each node has 20 meters’ communication
coverage. The speed of each node is from 0m/s to 5m/s
with the average speed as 3m/s. After a node move to a
new position, it will stay 2secs and then move again with
a new location. While in the fast movement, we set up
the speed from 5m/s to 15m/s with the average speed as
10m/s. After a node move to a new position, it will stay
3secs and then move again with a new location. The rest
of configuration and simulation metric is the same as static
topology.
C. Simulation Result
The simulation results are represented in Figure 4, 5, 6.
From these result, we can find even they have different
simulation topologies, they all share similar performances.
Based on these performances, we can find for each indi-
vidual receiving node, the message weight of the “Different
Weight” bar is always much higher than the “Same Weight”
bar. This results indicate by applying S-Kcore selection the
nodes are more likely to receive more “important” messages
than normal messages. The impact of key nodes can change
the whole network performance. By using these results, we
can prove it is necessary and important to consider the social
behavior into the selection of key nodes.
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Figure 5: Simulation Result in a Slow Movement Topology
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Figure 6: Simulation Result in a Fast Movement Topology
V. CONCLUSION AND FUTURE WORK
S-Kcore decomposition algorithm is a new approach to
find the key nodes in pocket switched network. Its main
significance is its multi views considerations of the network,
using only local information, and adapting to the mobile
environments. In fact, the pocket switched network is a
combination of social network and data network. The results
of S-Kcore show that the use of information from the
social network can be very advantageous. This allows us
to understand the mobility of nodes is the expression of the
social behaviors which can be utilized to find the key nodes
in the network. Thus, exploiting the aspects from different
views grasps the network as a whole and achieves effective
key nodes selection. It seems to be a promising direction.
However, we are at the very early stages of our research.
We need to better understand the impact of the interactions
between the data network and the social network, the gen-
erality of our parameter selection, and the impact of size of
network.
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